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Due to its high content of phenolics, black chokeberry has been proposed as a health-promoting ma-
terial, especially use of chokeberry extract as a food or pharmaceuticals. Chokeberry extract was
spray-dried using gum Arabic as a carrier. The optimal conditions for the efficient microencapsula-
tion of chokeberry extract using spray-drying technique have been investigated. The aim of our study
was to obtain microparticles with the best potential to improve functionality and stability of extracted
chokeberry polyphenols, and to investigate the possibility of microbeads to protect active compounds
during simulated digestion process. Morphological characteristics of microbeads were analyzed us-
ing FTIR and SEM techniques. Zeta potential, particle size and moisture content were determined.
Released total phenolics and total anthocyanins content as well as concentration of individual antho-
cyanins were quantified before and after digestion process. Microparticles exhibited high encapsu-
lation efficiency up to 87%, and high content of released polyphenols was achieved. After in vitro
simulated digestion phenolic compounds decreased by 11-24%, exhibited higher protective effect of
gum Arabic. Our results showed that chokeberry microparticles obtained by spray drying method
could be useful supplements or functional food.
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1. INTRODUCTION
In recent years, the utilization of natural products, especially
natural antioxidants have substantially increased following
the trends of chronic diseases reduction. Among many nat-
ural antioxidants, plant polyphenols have attracted special
attention due to their high biological activity. The small dark
violet berry, known as chokeberry, as one of the richest plant
sources of phenolics, especially anthocyanins, have growing
interest for their utilization, mainly due to their antioxidant
potential and due to numerous health-promoting activities
(gastroprotective, hepatoprotective, antiproliferative or anti-
inflammatory activities) (Kulling and Rawel, 2008; Rugina
et al., 2012). Confirmed beneficial effects, such as prevention
of cancer, coronary heart disease, diabetes, and other degener-
ative disorders, are also well known (Castañeda-Ovando et al.,
2009; Kokotkiewicz et al., 2010; Sainova et al., 2012). Choke-
berry (Aronia melanocarpa [Michx] Elliot, Rosaceae) originating
from North America, which was introduced to Eastern Europe,
Scandinavia and Russia in early 20th century (Kokotkiewicz
et al., 2010; Kulling and Rawel, 2008). Chokeberries are widely
recognized as valuable source of bioactive compounds such
as anthocyanins, flavonols, procyanidins and phenolic acids
(neochlorogenic and chlorogenic acids) (Bräunlich et al., 2013;
Kulling and Rawel, 2008; Rugina et al., 2012; Sueiro et al.,
2006). This fruit species is utilized mainly as juices, teas,
beverages, purees, jams, jellies, wine and other food prod-
ucts (González-Molina et al., 2008; Kokotkiewicz et al., 2010;
Kulling and Rawel, 2008) but extracts are less present on the
market trade. On the other hand, chokeberry extracts are
one of the most interesting forms for food and pharmaceu-
tical use due to the high amount of active principles they
contain, but extracts do not provide long-term storage sta-
bility of polyphenols, especially anthocyanins (C´ujic´ et al.,
2016b). Extracted polyphenols also have limited bioavailabil-
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ity (Bakowska-Barczak and Kolodziejczyk, 2011). Problem
with polyphenols instability and low bioavailability can be
solved by microencapsulation technology (Bakowska-Barczak
and Kolodziejczyk, 2011; Belšcˇak-Cvitanovic´ et al., 2015; Fang
and Bhandari, 2011), which has tendency to improve the stabil-
ity of extracts during storage and processing, and damaging ef-
fects of gastrointestinal tract. Spray drying is simple, low cost
and one of the most convenient microencapsulation tehnique
for controlled production of small particles with uniform and
desirable size, covering unpleasant (bitter) taste of phenolics
and increasing their bioavailability (Bakowska-Barczak and
Kolodziejczyk, 2011; Belšcˇak-Cvitanovic´ et al., 2011; Fang and
Bhandari, 2011). Gum Arabic, natural biopolymer is one of
the most applied carrier materials (Belšcˇak-Cvitanovic´ et al.,
2015; de Souza et al., 2015), due to its excellent biocompati-
bility, possibility to protect the actives compounds, as well
as its biodegradability and non-toxicity (Idham et al., 2012;
Tolun et al., 2016; Tonon et al., 2009). Gum Arabic, exudates
gum of Acacia tree, is a hetero-polysaccharide complex with
highly ramified structure. Gum Arabic is the only gum used
for food products and it is characterized by high solubility
and low viscosity in aqueous solution, appropriate for the
spray drying process (Tonon et al., 2009). To the best of our
knowledge, there are no reports about microencapsulation of
chokeberry polyphenols using gum Arabic as a carrier.
The aim of this study was to protect sensitive compounds
from chokeberry extract, especially anthocyanins, using spray
drying method, as well to characterise microencapsulated
powder and investigate the impact of digestion process on
stability of active phenolic compounds.
2. MATERIALS AND METHODS
2.1. Chemicals
Folin-Ciocalteu, sodium carbonate, gallic acid, methanol,
formic acid and potassium bromide were obtained from
Sigma-Aldrich (Steinheim, Germany). Ethanol was of analyti-
cal grade, acetonitrile (Merck, Germany) was of HPLC grade,
and ultra-pure water was prepared using a Milli-Q purifica-
tion system (Millipore, France). The anthocyanin standards
cyanidin-3-galactoside, cyanidin-3-glucoside and cyanidin-
3-arabinoside were purchased from Extrasynthese (Cedex,
France). Gum Arabic was supplied by Davisco Foods Interna-
tional (Le Sueur, MN, USA).
2.2. Plant material
Berries were collected from plantation located on the moun-
tain Suvobor, Serbia (700 m altitude) in July 2017 at fully
ripened stage, and subsequently dried in a laboratory dryer
(Instrumentaria ST 01/02, Zagreb, Croatia) at 40 °C for 48 h.
Dried berries were grounded by industry mill and obtained
particles were separated using sieve 0.75 according to Yugosla-
vian Pharmacopeia (Ph.Yug.V, 2000).
2.3. Extract preparation
Dried berries were extracted with 50% ethanol on an orbital
shaker (170 rpm) for 60 minutes, and solid to solvent ratio was
1:20. These extraction conditions were previously chosen as
optimal for the extractions of chokeberry polyphenols (C´ujic´
et al., 2016a). After the extraction process, ethanol was evap-
orated under vacuum and aqueous chokeberry extract (CE)
was obtained.
2.4. Encapsulation of chokeberry extracts by spray drying
method
Spray drying method was applied for microencapsulation of
CE, using gum Arabic as carrier agent. Coating material was
added in a previously prepared CE to obtain an encapsulant
content of 5% (w/v). The resulting solution was heated to
40 °C, mixed and homogenized well prior to spray drying.
A spray dryer (Büchi mini B-290, Büchi Labortechnik AG,
Switzerland) with a 0.7 mm standard diameter nozzle was
used to prepare the spray-dried powders with inlet (130±3 °C)
and outlet (56±2 °C) temperature, respectively. Relatively low
spraying air flow rate (536 L/h), liquid feed (8 mL/min rate),
atomization pressure (6 psi) and low inlet temperature were
chosen in order to ensure a good atomization along the liquid
feed rate and to obtain a stable powder (specially to ensure
anthocyanins stability) with high actual loading. Free-flowing
powders were obtained and subjected to analysis (Figure 1).
Powder was transferred to high-density polyethylene zip-lock
plastic bags and stored in the dark at -20 °C for later analyses.
Fig. 1. Spray-dried chokeberry extract using gum Arabic as a carrier
2.5. Characterisation of microbeads
2.5.1. Moisture content
The moisture content of the powder was determined termo-
gravimetrically, drying the beads until constant weight in
Halogen Moisture Analyzer HB43-S (Mettler Toledo).
2.5.2. Particle size
The size of the encapsulated microbeads was determined us-
ing Mastersizer 2000 (Malvern Instruments, Worcester-shire,
UK). The mean diameter over volume (also called DeBroukere
mean) was used as representative diameter.
2.5.3. Fourier-transform infrared spectroscopy (FTIR) analysis
Transmission spectra of obtained spray dried powder was
recorded using a IRAffinity-1 Fourier transform infrared spec-
trophotometer (Schimadzu, Japan) and KBr disc sampling
technique. Microbeads were mixed with KBr powder and
compressed to pastilles. Infrared spectra over the wavelength
range 4000 to 600 cm-1 were recorded and the resolution was
4 cm-1.
2.5.4. Scanning electron microscopy - SEM analysis
The surface morphology of the obtained spray-dried sample
was examined by scanning electron microscopy (TESCAN
Mira3 microscope, Czech Republic). The sample was attached
to stubs using a two-sided adhesive tape, then coated with
a layer of gold (50 nm) and examined using an acceleration
voltage of 4-5 kV.
Research Article Lekovite Sirovine vol. 38 (2018) 11
2.5.5. Zeta potential
The spray-dried microparticles were analysed in order to de-
fine physical stability, and zeta potential was measured using
Malvern Zetasizer Nano ZS (Malvern Instruments, Worces-
tershire, UK). Sample was measured three times at room tem-
perature in deionised water and the averages were taken as
results.
2.6. Release studies
The release of polyphenolic compounds from the obtained
spray-dried microbeads was performed in release mediums
at room temperature. A known amount of particles (about 5
g) was suspended in 100 mL release medium (distilled water)
for analysis of total phenolics content, and around 200 mg of
sample in 5% formic acid as anthocyanins release medium.
The samples were submitted to continuous agitation on an
orbital shaker (Unimax 1010, Heidolph, Germany) operating
at 170 rpm, to simulate the gut movement. An aliquot (1 mL)
of the supernatant was taken for analysis and centrifuged,
and supernatant was used for chemical analyses. The release
profiles of microbeads were investigated determining the total
phenolic content and total anthocyanins content.
2.7. Total phenolic content (TPC) in microbeads
The total phenolic content was determined by a modified
Folin-Ciocalteu method (Waterman and Mole, 1994). Briefly,
200 µL of extract or microbeads solution was added to 1 mL
of 1:10 diluted Folin-Ciocalteu reagent. After 4 min, 800 µL of
sodium carbonate (75 g/L) was added. After 2 h of incubation
at room temperature, the absorbance at 765 nm was measured
by a spectrophotometer (Hewlett Packard, 400N). Gallic acid
(0-100 mg/L) was used as a standard for calibration curve. The
results were expressed as milligrams of gallic acid equivalents
per gram of beads.
2.8. Total anthocyanins (TA) in microbeads
The total anthocyanins content was investigated according
to the procedure described in Ph.Eur.8.0. (2014), with slight
modifications. The absorbance of the solution was measured
at 528 nm, using a 0.1% (v/v) solution of hydrochloric acid
in methanol as the compensation liquid. The content of an-
thocyanins, expressed as cyanidin-3-glucoside chloride, was
calculated from the expression: A x 5000/718 x m (A = ab-
sorbance at 528 nm; 718 = specific absorbance of cyanidin-
3-glucoside chloride at 528 nm; m = mass of extracts to be
examined in grams). The results were presented as milligrams
of cyanidin-3-glucoside equivalents per gram of beads.
2.9. HPLC analysis of the released anthocyanins from mi-
crobeads
The concentration of individual anthocyanins in microbeads
was determined using the HPLC method. Analyses were car-
ried out on Agilent series 1200 RR HPLC instrument (Agilent,
Waldbronn, Germany), with DAD detector, on a reverse phase
Lichrospher RP-18 (Agilent) analytical column (250 x 4 mm
i.d., 5 µm particle size). The mobile phase consisted of solvent
A (10% of formic acid in water) and solvent B (acetonitrile).
Samples were separated by gradient elution according to the
following scheme: 1% B 0-0.5 min; 1-7% B 0.5-1 min; 7% B 1-4
min; 7-10% B 4-7.5 min; 10-14% B 7.5-11.5 min; 14-25% B 11.5-
15.5 min; 25-40% B 15.5-18.5 min; 40-75% B 18.5-22 min; 75%
B 22-25 min. Flow was adjusted to 1 mL/min, and detection
wavelengths were set at 290, 350 and 520 nm. Quantification
was done using calibration curves of anthocyanin standards
cyanidin-3-galactoside, cyanidin-3-glucoside and cyanidin-3-
arabinoside.
2.10. Encapsulation efficiency
The percentage of loading (encapsulation) efficiency (EE) for
investigated sample was calculated as the ratio between the
total polyphenols (TP), total anthocyanins (TA) or individual
compounds content in the aqueous solutions of dissolved
spray-dried sample and their respective content in the initial
infeed solutions, according to the equation:
EE(%) =
E
Etotal
× 100
where E is the amount of total polyphenols, total antho-
cyanins or individual anthocyanins encapsulated in the mi-
crobeads, and Etotal is the amount of total polyphenols, total
anthocyanins or individual anthocyanins and their respective
content in the initial extract used for the preparation of mi-
crobeads, according to the procedures described in the upper
sections.
2.11. In vitro gastrointestinal digestion
Encapsulated particles were subjected to digestion by a stan-
dardized static in vitro digestion method suitable for food
(Minekus et al., 2014) improved according to Versantvoort
et al. (2004) in order to apply physiologically based model
of human digestive tract which simulates feeding conditions.
Oral phase of simulated digestion starts by mixing of 1 g
of particles or water (control) with 4 g of infant formula of
defined composition which simulates standard meal (food ma-
trix). Used infant formula (Juvitana, Swisslion Product d.o.o.
Indjija, Serbia) contained 3% protein, 10% carbohydrate and
1% fat, and was prepared from turkey meat, boiled corn paste,
boiled potato paste, rice flour, sodium chloride and water ac-
cording to manufacture specification and free of preservatives,
antioxidants and artificial aromas. Obtained 5 g of mixture
was supplemented with 3.5 mL of simulated salivary fluid
(SSF), 0.5 mL of salivary α-amylase solution (1500 U mL-1),
25 µL of 0.3 M CaCl2 and 975 µL of water and thoroughly
mixed. Incubation of obtained mixture lasted for 2 min at 37
°C, without shaking. In the gastric phase, 10 mL of oral bolus
was mixed with 7.5 mL of simulated gastric fluid (SGF), 1.6
mL of porcine pepsine solution (25000 U mL-1), prepared in
SGF, 5 µL of 0.3 M CaCl2 and pH was adjusted to 3.0 using
1M HCl. The mixture was supplemented to a volume of 20
mL by addition of distilled water and subjected to incubation
at 37 °C during 2 h, using orbital shaker adjusted to 300 rpm.
For the intestinal phase, 20 mL of gastric chyme was supple-
mented with 11 mL of simulated intestinal fluid (SIF), 5 mL
of pancreatine prepared in SIF (800 U mL-1, based on trypsin
activity), and mixed with 2.5 mL of 160 mM bile salt solution,
40 µL of 0.3 M CaCl2. The pH value of the mixture was ad-
justed to 7.0 with 1M NaOH and volume was supplemented
with water to reach 40 mL. Samples were incubated for 2 h
at 37 °C with constant shaking on orbital shaker at 300 rpm.
After completed digestion, samples were centrifuged at 10 000
rpm for 10 min at 4 °C, supernatants were recovered and their
volume was accurately measured. Supernatants were then
frozen in liquid nitrogen and kept for further experiments at
-80 °C. Detailed composition of SSF, SGF and SIF electrolyte
solutions is presented in Table 1.
2.12. Data analysis
All measurements were performed in triplicates. The data in
Tables were presented as mean ± standard deviation.
3. RESULTS AND DISCUSSION
3.1. Moisture content
The moisture content plays a significant role in establishing the
shelf-life of powders and in this research had value of 4.87%
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Table 1. Composition of stock solutions and simulated digestion fluids
SSFa SGF SIF
pH 7.0 pH 3.0 pH 7.0
Compounds Stock conc. Conc. in SSF Conc. in SGF Conc. in SSF
[g L-1] [mol L-1] [mmol L-1] [mmol L-1] [mmol L-1]
KCl 37.3 0.5 15.1 6.9 6.8
KH2PO4 68 0.5 3.7 0.9 0.8
NaHCO3 84 1 13.6 25 85
NaCl 117 2 - 47.2 38.4
MgCl2(H20)6 30.5 0.15 0.15 0.1 0.33
(NH4)2CO3 48 0.5 0.06 0.5 -
NaOH - 1 - - 8.4
HCl - 6 1.1 15.6 -
CaCl2 (H2O)2 44.1 0.3 0.75 0.075 0.3
a SSF-simulated salivary fluid; SGF-simulated gastric fluid; SIF- simulated intestinal fluid.
(Table 2). Low moisture content is commonly observed in
spray-dried particles produced by this technique, and largely
is influenced by the humidity and temperature of the drying
process (Bakowska-Barczak and Kolodziejczyk, 2011; Belšcˇak-
Cvitanovic´ et al., 2015; Fang and Bhandari, 2011). Tolun et al.
(2016) demonstrated that addition of gum Arabic in the other
coating materials (maltodextrin) decreased the moisture con-
tent of microencapsulated particles. Higher moisture content
induces to microbial growth and powders caking, which af-
fects to the physical and chemical stability (Goyal et al., 2015).
The moisture content of less than 5% is required for good and
long term stability, efficient packing and storaging (Belšcˇak-
Cvitanovic´ et al., 2015). This is in accordance with the previ-
ously published results for chokeberry spray-dried juice pow-
der (Horszwald et al., 2013) and chokeberry juice encapsulated
using maltodextrin (Wilkowska et al., 2017). This moisture
content depended on different encapsulating agents, polyphe-
nols type, and inlet temperature used for spray drying process.
Higher drying temperature (above 140 °C) reduced the mois-
ture content but may cause the instability of anthocyanins and
polyphenols (Bakowska-Barczak and Kolodziejczyk, 2011).
Used gum Arabic showed good properties of obtained pow-
der moisture content, which is very important for furtherer
industrial use.
3.2. Particle size
Preferred particle size depends on its future application.
Larger particles provide sustained and prolonged release of
encapsulated compounds, while smaller beads are better in
the terms of organoleptic characteristics, which is important
for application as a food or pharmaceutical products(C´ujic´
et al., 2016a). Particle size of obtained microparticles had aver-
age of 14.92 µm using this carrier and extract (Table 2, Figure
2), which confirmed that spray drying is suitable method for
small particles production with uniform size. Similar results
were reported by Righetto and Netto (2005) andDib Taxi et al.
(2003). Belšcˇak-Cvitanovic´ et al. (2015) showed that only usage
of Acacia (gum Arabic) and guar gum provided fine powders.
3.3. Particle morphology
The CE microencapsulated particles were morphologically
characterized using scanning electron microscopy (SEM) tech-
nique (Figure 3). The use of gum Arabic in the spray drying
Fig. 2. Particle size distribution of spray-dried microparticles
process provided predominantly spherical particles, without
visible cracks, collapses or porous structures but also clus-
tered units which caused agglomeration of particles. This is
in accordance with Botrel et al. (2014), which confirmed that
microparticles produces using gums could provide degree of
agglomeration. Gum Arabic used in this study, as polysac-
charide contained large amount of sugars which probably
had a role as filler or plasticizer preventing surface wrinkling
during spray drying process. Some collapses in structure, ir-
regular shape with some hollows probably are the result of
rapid drying process of this type of carrier (Bylaitë et al., 2001;
Kaluševic´ et al., 2017; Tolun et al., 2016). Kaluševic´ et al. (2017)
demonstrated acceptable but not ideal spherical shape of mi-
croparticles obtained using gum Arabic as encapsulant. Tolun
et al. (2016) demonstrated slightly wrinkled with irregular and
dented shapes with deep hollows and collapses. Gum Arabic
used in this study contained large amount of low molecular
weight sugars which probably had a role as filler or plasti-
cizer preventing surface wrinkling during spray drying. Some
collapses in structure, irregular shape with hollows probably
are the result of rapid drying process of this type of carrier
(Bylaitë et al., 2001; Kaluševic´ et al., 2017; Tolun et al., 2016).
As it is shown in Figure 3, usage of gum Arabic as a carrier
gave well-formed particles with uniform sizes, without signif-
icant irregularities on the targeted microcapsules (Figure 3),
which is very important for industrial application since parti-
cle shape and surface morphology could significantly affect
the flow rate of obtained microparticles (Kaluševic´ et al., 2017;
Tolun et al., 2016; Tonon et al., 2009).
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Table 2. Physical properties of spray-dried chokeberry extract
Samples Moisture content [%] Particle size [µm] Zeta potential [mV]
CE+GAa 4.87±0.18 14.92±0.69 -35.73±0.15
a CE-chokeberry extract; GA-gum Arabic.
Fig. 3. SEM micrographs of spray-dried chokeberry powder in
different magnifications presented on each figure
3.4. Zeta potential
Zeta potential was determined on spray-dried microbeads in
order to examine their physical stability (Table 2). Prepared
microbeads had negative values of zeta potential (-35.73 ±
0.15 mV), which indicates good electrostatic stabilization. Ac-
cording to the previously published research, microparticles
can be considered as stabile ones when the absolute value
of the zeta potential is around 30 mV due to the electric re-
pulsion between the particles (Balancˇ et al., 2016). Results
showed that obtained microparticles were stable, and particles
repulsion was achieved, agglomeration was prevented which
are exceptionally important parameters for potential powder
application.
3.5. Fourier transform infrared analysis
This method was used to analyse the functional groups of
the polymer (carrier) and chokeberry extract, as well as to ex-
amine the possible interactions between CE compounds and
matrix. FTIR spectra of encapsulated CE in gum Arabic (Fig-
ure 4a) and carrier (showed several substantial picks (Figure 4).
Picks in range around 1000 cm-1 correspond to the presence
of -C-O in cyclic ether and alcoholic groups from polyphe-
nols, but also of carbohydrates from carrier (C´ujic´ et al., 2016b;
Espinosa-Andrews et al., 2010). The bands around 1600 cm-1
appeared due to the presence of this natural gum (Figure
4b) (Espinosa-Andrews et al., 2010), while the bands around
2400-2600 cm-1 resulted from the stretching vibration of C-H
bond (Espinosa-Andrews et al., 2010; de Souza et al., 2015).
The spreading absorption line in a wave number region 3400-
3600 cm-1 has been attributed to the stretching and flexion of
OH groups, probably from encapsulated extract polyphenols
(Figure 4a) (Kaluševic´ et al., 2017; López Córdoba et al., 2013;
Stojanovic et al., 2012). FTIR analysis also showed the absence
of new interactions between carrier material and microencap-
sulated extract. Extract was successfully incorporated into
the biopolymer matrix by intermolecular interactions, during
spray drying process. FTIR showed chemical stability of mi-
croparticles and used matrix is compatible material for CE
microencapsulation.
3.6. Release studies and encapsulation efficiency of
polyphenol compounds
Phenolic compound content (total phenolics and total an-
thocyanin contents) as well as individual anthocyanin com-
pounds were determined in chokeberry extract after microen-
capsulation process (Table 3).
Obtained microparticles had high content of encapsulated
polyphenols and anthocyanins, as well as individual com-
pounds which demonstrated that spray drying method did
not cause greater degradation of active compounds due to
the thermal conditions used in our study (inlet temperature
of 1300C and outlet between 50-600C). According to the lit-
erature data, inlet temperature between 120 and 1600C was
found as optimal for spray drying of total phenolics and antho-
cyanins (Bakowska-Barczak and Kolodziejczyk, 2011; Ersus
and Yurdagel, 2007; Fang and Bhandari, 2011; Robert et al.,
2010; Tolun et al., 2016). Thermal conditions were associated
with high retention rates of these active principles, which was
in accordance with Tonon et al. (2009), where powders pro-
duced using gum Arabic had the greatest polyphenols release
comparing with different DE maltodextrins. It has been shown
that higher temperature could cause lower content of polyphe-
nols (Tolun et al., 2016). Tonon et al. (2009)) demonstrated that
addition of gum Arabic increased the stability of phenolics
against heating process, which was probably consequence of
gum carrier properties which created good matrix structure
and formed barrier between phenolics and heat. In previously
mentioned study, gum Arabic as a coating material provided
better protection comparing to maltodextrin.
Fig. 4. FTIR spectra of (a) microencapsulated CE + gum Arabic; (b)
gum Arabic
In our study, high content of released polyphenols and antho-
cyanins was achieved using gum Arabic as a carrier, which
might be a consequence of high polyphenols affinity for this
polysaccharide type carrier. Gum Arabic is highly soluble ma-
terial, with good emulsifications and film creating properties
which can entrap phenolic compounds during spray drying
process (Kaluševic´ et al., 2017; Tolun et al., 2016). Polyphenols
can bind non-covalently to polysaccharides, which includes
hydrophobic interactions and hydrogen bonds (Jakobek, 2015;
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Table 3. Release studies and encapsulation efficiency of microencapsulated chokeberry extract in gum Arabic
TPa TA Cya-gal Cya-glc Cya-ara
[mg GAE/g m.b.] [mg CyG/g m.b.] [mg/g m.b.] [mg/g m.b.] [mg/g m.b.]
Before digestion process
Release properties 79.20±6.46 39.60±4.37 21.48±4.35 4.02±0.31 9.41±0.86
Encapsulation efficiency (%) 85.29±6.15 83.78±9.11 74.66±5.79 79.61±6.52 87.29±7.65
After digestion process
Release properties 64.15±7.46 29.82±3.34 17.94±8.39 3.55±2.19 8.33±7.72
Reduction (%) 19.03 24.69 16.48 11.69 11.47
a TP - Total phenolics; TA - Total anthocyanins; Cya-gal - cyanidin-3-galactoside; Cya-glc - cyanidin-3-glucoside; Cya-ara - cyanidin-3-arabinoside; m.b. -
microbeads.
Luck et al., 1994), and binding capacity is affected by polyphe-
nol structure (molecular weight, structural flexibility and num-
ber of OH groups), macromolecule structure and their con-
centration. Besides procyanidins, anthocyanins, flavonoids
and phenolic acids, chokeberries also contain lignin and non-
starch polysaccharides such as cellulose, hemicellulose and
pectins (Nawirska and Kwas´niewska, 2005). These polysac-
charides contributed to the interaction (Le Bourvellec et al.,
2005; Luck et al., 1994). Kaluševic´ et al. (2017) also showed the
highest TP content using gum Arabic as encapsulant. Belšcˇak-
Cvitanovic´ et al. (2015) and Kaluševic´ et al. (2017) demon-
strated prolonged and sustained TP release using gum as car-
rier. Microencapsulated CE showed similar anthocyanin pro-
file as in previously reported chokeberry extract (C´ujic´ et al.,
2016a). The main anthocyanin compounds were cyanidin-3-
galactoside, followed by cyanidin-3-arabinoside and cyanidin-
3-glucoside, which was present in the lowest amounts. Mi-
croencapsulated particles exhibited high encapsulation yield
(efficiency), more than 80% for total compounds, and 74.66
to 87.29% for individual anthocyanins, indicating that spray
drying was a convenient technique for microencapsulation
of CE (Table 3). Kaluševic´ et al. (2017) showed the highest
encapsulation efficiency (85.2%), similar to our result using
gum Arabic as a carrier. This could be explained by hydro-
gen bonding of hydroxyl groups from extract phenolics with
polysaccharide such as gum Arabic that has a high proportion
of anion fraction contributed by glucuronic arabinogalactan.
Gum Arabic could actively link to extract phenolics during
contact and could be able to retain phenolics extract through-
out the spray drying process. Wilkowska et al. (2017) showed
the carrier material effects on individual anthocyanins during
spray drying process. This is in accordance with previously
reported studies which demonstrated that gum Arabic was a
good material for microencapsulation of phenolics and antho-
cyanins from acai, pomegranate and grape (Kaluševic´ et al.,
2017; Tolun et al., 2016; Tonon et al., 2009). To the best of
our knowledge, there is no previously reported data of en-
capsulation efficiency of individual chokeberry anthocyanins,
especially concerning spray drying method using gum Arabic
as a carrier.
3.7. In vitro digestion process
One of the main objectives of this work was to determine
changes in total phenolic and anthocyanins content, and dom-
inant individual anthocyanins during gastrointestinal diges-
tion of chokeberry extract microencapsulated particles in the
presence of complex food matrix. The polyphenolics content
released from microparticles after in vitro digestion process
is presented in Table 3. Gastrointestinal digestion caused a
decrease in the content of all polyphenolics, but percentage
of reduction depends of the examined polyphenol class. The
most affected by digestion process were total anthocyanins
and their concentration decreased by 24.69%, while individual
compounds decreased by 11.47-16.48%. In previous published
studies (Bermudezsoto et al., 2007; Stanisavljevic´ et al., 2015)
there was also reported higher decrease of anthocyanins than
total phenolics in chokeberry juice during digestion process.
Literature reports about total phenolic and total anthocyanins
contents of chokeberry products after digestion is little ex-
plored, especially there are no reports with microencapsulated
extract in gum Arabic as a carrier. Cilla et al. (2009) showed
decrease of 70% total phenolic content in fruit beverage supple-
mented with skimmed milk. Previous studies of encapsulated
bilberry showed anthocyanins reduction of 60% during diges-
tion process (Betz et al., 2012; Flores et al., 2014; Oidtmann
et al., 2012; Wang et al., 2013), which might be a consequence
of different carrier materials used in these experiments. Our
results indicate that gum Arabic provides good protection of
polyphenols along gastrointestinal system and stabilizes them
against degradation. In vitro digestion model showed that mi-
croencapsulation is a method which can increase polyphenols
and anthocyanins stability, protect them from degradation at
intestinal tract conditions, and the most importantly increase
their bioavailability.
CONCLUSION
Black chokeberry is one of the richest herbal sources of pheno-
lic compounds, especially anthocyanins. Therefore, in a view
of the relevancy of these substances to health, use of choke-
berry extracts as a food or pharmaceuticals enriched with
phenolics is very important. In this research microparticles
using spray drying technique were obtained. Microparticles
exhibited high encapsulation efficiency of polyphenols up to
85%. Concerning microbeads characteristics, the powder pro-
duced using gum Arabic had small mean diameter, moisture
content was below 5% with well-formed spherical shapes,
which is very important for the industrial perspective. Gum
Arabic as a carrier provided suitable polyphenolics release
from microparticles. Gum Arabic served as good protection
agents for phenolics subjected to in vitro digestion method.
Our results showed that chokeberry microparticles obtained
by spray drying method could be useful supplements or func-
tional food.
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